The trol locus of Drosophila regulates the timing of neuroblast proliferation. In trol mutants, quiescent neuroblasts fail to begin division. We have investigated this cell cycle arrest to examine trol function. Induced expression of cyclin E or DP/E2F in trol mutants results in normal levels of dividing neuroblasts, while cyclin B expression has no effect. cyclin E expression is lower in the trol mutant larval CNS as assayed by quantitative RT-PCR, suggesting that trol neuroblasts are arrested in G1 due to lack of Cyclin E. Neither cyclin E nor E2F expression can phenocopy ana mutations, indicating that arrest caused by lack of Trol is different from Ana-mediated arrest.
Introduction
The coordination of development and cell division is critical for the assembly of a multicellular organism. During development, proliferative processes produce cells that must then differentiate to form the tissues and systems of the adult organism. The interweaving of developmental and cell cycle control is illustrated by the observation that cells must generally exit the proliferative state in order to undergo terminal differentiation. Additionally, precursor cells can be temporarily removed from contributing to the developmental process by rendering them mitotically quiescent and re-activating their division at later stages.
The regulation of the output of specialized precursor cells, or stem cells, is of particular importance given their virtually unlimited regenerative capacity. Stem cells divide asymmetrically to regenerate themselves and give rise to a second progenitor cell that goes on to produce differentiated cell-types. The production of progeny by stem cells is regulated primarily at the level of cell cycle arrest and reactivation. Mitotically quiescent stem cell populations have been identified among mammalian hematopoietic, germline, and nervous system precursors as well as in the Drosophila germline and nervous system (Hartenstein and CamposOrtega, 1984; Spangrude and Johnson, 1990; Ito and Hotta, 1991; Prokop and Technau, 1991; Ogata et al., 1992; Reynolds et al., 1992; Uchida and Weissman, 1992; Ebens et al., 1993; Lin and Spradling, 1993; Datta, 1995) . All of these quiescent populations are capable of activating proliferation in response to external or developmental cues.
The developmentally regulated activation of stem cell division has been studied in several systems. One of the best systems is the neuroblasts in the larval brain of Drosophila. Three discrete populations of neuroblasts in the larval brain show stereotypic temporal and spatial patterns of cell cycle arrest and activation. All three populations are quiescent upon larval hatching and begin cell division at specific times post hatching (ph); the central brain neuroblasts (CBNBs) begin division at about 8-10 h ph, the optic lobe neuroblasts (OLNBs) at about 10-12 h ph, and the thoracic neuroblasts (TNBs) at about 28 h ph (Fig. 1A ) (White and Kankel, 1978; Lipshitz and Kankel, 1985; Hartenstein et al., 1987; Truman and Bate, 1988; Tix et al., 1989; Hofbauer and Campos-Ortega, 1990; Ito and Hotta, 1991; Prokop and Technau, 1991; Ebens et al., 1993; Green et al., 1993; Prokop and Technau, 1994; Datta, 1995; Tejedor et al., 1995) . In contrast, the mushroom body neuroblasts (MBNBs) and the ventral lateral neuroblast divide continuously from larval hatching through pupariation (Ito and Hotta, 1991; Ito et al., 1997) , and provide an internal control to differentiate between developmental regulation of proliferation and the process of cell division (Datta, 1995) .
The timing of division of the regulated neuroblast populations is affected by mutations in two loci: anachronism (ana) and terribly reduced optic lobes (trol). A mutation in ana, which encodes a secreted glycoprotein produced by glial cells, results in premature division of the OLNBs, CBNBs, and TNBs (Ebens et al., 1993) and supernumerary S phase cells in the larval antennal-maxillary organ (Park et al., 1997) . These studies imply that ana acts as a repressor of cell division. In contrast, a mutation in trol results in the failure to activate proliferation of most of the OLNBs, CBNBs, and TNBs (Datta, 1995) . Genetic analysis suggests that trol acts after ana to relieve ana-mediated repression of neuroblast proliferation (Datta, 1995) . This data is consistent with trol function as a developmental cue that activates neuroblast division.
The G1-S phase transition of the cell cycle has been well characterized in a variety of systems including Drosophila. Genes encoding Drosophila homologs of a number of cyclins, cyclin-dependent kinases (cdks), inhibitors of cdk activity (cdis), retinoblastoma protein (RBF), and the heterodimeric transcription factor DP/E2F (E2F) have all been identified. Cdk activity phosphorylates RBF, thereby activating E2F which can then initiate transcription of S phase genes. Studies have shown the Drosophila homologs have many of the same protein-protein interactions and relative timing of expression as in mammalian systems. This includes Cyclin E and its cdk partner Cdc2c, which when complexed produce kinase activity (Jimenez et al., 1990; Lehner and O'Farrell, 1990; Richardson et al., 1993; Richardson et al., 1995; Sauer et al., 1995) that activates E2F function (Duronio et al., 1996) , presumably through inactivation of RBF. Cyclin E-Cdc2c activity has been implicated in the phosphorylation of RBF, which represses E2F-dependent transcription (Du et al., 1996a) . Finally, E2F has been shown to activate expression of a number of replication functions required for S phase, including the small subunit of ribonucleotide reductase, RNR2 (Duronio and O'Farrell, 1994; . Thus many of the cell cycle components of the G1-S transition have been identified in Drosophila and can now be used to analyze trol function.
To examine how trol stimulates the initiation of cell division, the interaction between trol function and the G1-S cell cycle machinery was investigated. Induction of cyclin E expression in trol mutants increased the number of neuroblasts entering S phase to wildtype levels without affecting the number of labeled neuroblasts in control siblings. This implies that trol neuroblasts are arrested in mid-G1. The trol proliferation phenotype could also be rescued by expression of DP/E2F, which is normally activated by the Cyclin ECdc2c complex. A timecourse of Cyclin E rescue of the trol proliferation phenotype showed wildtype levels of labeled neuroblasts in trol mutants at each timepoint. The trol proliferation defect was not rescuable by induction of cyclin B expression, demonstrating that trol neuroblasts were not arrested in G2, and that over-expression of any cyclin would not drive the mutant neuroblasts into S. RT-PCR revealed lower levels of cyclin E expression in trol mutant brains compared to sibling controls and in situ hybridization suggests fewer cells express Cyclin E in a trol mutant CNS, inferring that trol activates neuroblast proliferation through increasing cyclin E expression rather than cyclin E-cdc2c activity. Previous genetic analysis suggested that trol initiated neuroblast division by relieving cell cycle arrest caused by the Ana repressor (Datta, 1995) . Neither induction of cyclin E nor E2F expression could phenocopy ana mutants, suggesting that trol activates cell division downstream of repression by Ana rather than by inactivating Anamediated inhibition. These results also imply the existence of another factor that relieves Ana-mediated repression.
Results

Expression of cyclin E, but not cyclin B, drives trol sd neuroblasts into S phase in late first instar brain lobes
Quiescent Drosophila neuroblasts may be arrested in G0 (Ebens et al., 1993) , given that they enlarge prior to entering S phase (Truman and Bate, 1988) similar to G0 arrested cells in mammalian culture. Since trol mutant neuroblasts have already enlarged (Datta, 1995) , it seemed reasonable to postulate that they are arrested in G1 and that trol stimulates progression from G1 to S. To test this hypothesis we asked if provision of the G1 regulator Cyclin E would rescue the trol proliferation defect. trol sd ;hs-cyclin E/+ larvae were subjected to a 30-min heat shock to induce cyclin E expression and simultaneously placed on artificial medium containing 5′-bromodeoxyuridine (BrdU) from 16 to 20 h ph. The larvae were dissected at 20 h ph and the number of BrdU labeled neuroblasts per brain lobe counted. Labeled neuroblasts were identified by nuclear morphology ( Fig. 2A-C) and position within the brain lobe. The total number of neuroblasts per brain lobe includes the MBNBs, the ventral lateral neuroblast, the OLNBs, and the CBNBs. A 30-min heat shock resulted in wildtype levels of labeled neuroblasts in trol sd ;hs-cyclin E/+ brain lobes . In the absence of heat shock, trol sd ;hs-cyclin E/+ larvae contained about the same number of labeled neuroblasts/brain lobe as previously reported for trol sd (Datta, 1995) . Sibling controls that also carry the hs-cyclin E construct showed no significant change in the number of S phase neuroblasts in the presence or absence of heat shock.
To investigate the specificity of the ability of cyclin E to promote S phase, the competence of Cyclin B, a G2 cyclin, to rescue the trol sd proliferation defect was examined ( Fig.  3B ). Heat shock induction of cyclin B produced no significant change in the number of BrdU labeled neuroblasts in trol sd ;hs-cyclin B/+ brains at 16-20 h ph nor did it affect the number of S phase neuroblasts in wildtype controls. Studies with a second hs-cyclin B bearing fly stock produced the same results (data not shown). Thus, expression of a G2 cyclin is unable to rescue the trol proliferation defect.
Expression of DP/E2F drives trol sd neuroblasts into S phase in late first instar brain lobes
In the embryonic CNS, the Cyclin E-Cdc2c complex promotes cell cycle progression in part by activating the dimeric transcription factor E2F . Induction of DP/E2F expression in trol mutant brains resulted in an increase in the number of S phase neuroblasts/ brain lobe from 13.9 ± 0.5 neuroblasts/brain lobe (n = 14) in the absence of heat shock induction to 19.1 ± 0.4 neuroblasts/brain lobe (n = 8) with the application of heat shock (Fig. 3C) . As observed previously in the Cyclin E studies, induction of DP/E2F expression in control animals did not significantly increase the number of labeled neuroblasts/ brain lobe (21.7 ± 0.5 neuroblasts/brain lobe, n = 9 without heat shock; 19.4 ± 0.6 neuroblasts/brain lobe, n = 9 with heat shock). This provides further evidence that trol neuroblasts are arrested in G1.
cyclin E is expressed at lower levels in trol
sd animals cyclin E expression in trol sd animals was examined by quantitative RT-PCR. Levels of cyclin E message are lower in trol sd mutant animals and in isolated trol sd mutant larval brains than in controls (Fig. 4A-C) . Expression of the actin5C gene was used as an internal control in the same reaction (see Section 4. No bands corresponding to cyclin E or actin5C are detected in controls treated with RNase, in samples where reverse transcriptase was not included (data not shown), or in buffer alone. Strong amplification was observed from plasmid controls. In situ hybridization using a Cyclin E probe suggests that the number of cells in a trol sd /Df(1)42 brain lobe expressing Cyclin E is also lower than in controls (Fig. 4E,F) . To quantitate the neuroblast proliferation defect in the samples, trol sd and wildtype controls from the same stock used to prepare RNA for RT-PCR were subjected to BrdU incorporation from 16 to 20 h ph (Fig. 4D) . The percent decrease in the number of BrdU labeled neuroblasts in trol sd brains compared to controls is similar to the percent drop in Cyclin E expression in trol sd as determined by RT-PCR and in situ hybridization. These results show that cyclin E is expressed at lower levels in trol mutant animals and brain lobes, and may not be expressed in trol mutant neuroblasts.
Expression of cyclin E at various times in first instar always rescues the trol sd neuroblast phenotype
To determine whether Cyclin E could rescue the trol sd neuroblast phenotype at different times during first instar, a timecourse of the ability of Cyclin E protein to drive trol sd neuroblasts into S phase was performed. trol sd ;hs-cyclin E/ + larvae were constructed and analyzed as described above.
Larvae of the appropriate genotype were harvested every four h and the number of BrdU labeled neuroblasts determined in the presence or absence of heat shock (Fig. 5) . At the earliest timepoint, 0-4 h ph, only the four MBNBs and the ventral lateral neuroblast were labeled with BrdU regardless of sample genotype or heat shock treatment. This is consistent with previously reported results that the MBNBs and the ventral lateral neuroblasts are the only neuroblasts normally dividing at this timepoint (Truman and Bate, 1988; Ito and Hotta, 1991; Datta, 1995) . At each successive four hour interval, heat shock induction of Cyclin E was able to increase the number of S phase neuroblasts in trol sd ;hs-Cyclin E/ + brains to control levels. Supernumerary labeled neuroblasts in response to Cyclin E expression were not observed at any timepoint in either trol sd or sibling control samples. These results suggest that Cyclin E expression at any point in first instar can rescue the trol proliferation defect and does not result in premature neuroblast proliferation.
Expression of cyclin E or E2F does not phenocopy ana mutants
We asked if expression of cyclin E or DP/E2F could drive neuroblasts arrested by Ana into S phase. Induction of cyclin E or DP/E2F expression never induced an ana-like phenotype (premature division of the thoracic neuroblasts at 16-20 h ph) in any of the samples (n = 15 for cyclin E, n = 8 for DP/E2F) (Fig. 6A-D) . Although induction of Cyclin E or DP/E2F expression did result in 'extra' cells incorporating BrdU that were not observed in non-heat sd ;hs-cyclin B/+ animals with (n = 14) or without (n = 17) heat shock. The white columns denote the number of S phase neuroblasts/brain lobe in sibling controls in the presence (n = 11) or absence (n = 6) of heat shock. (C) Quantitation of the number of S phase neuroblasts/brain lobe in response to heat shock induction of E2F/ DP expression. The black columns represent the number of S phase neuroblasts/brain lobe in trol sd ;hs-E2F/ + ;hs-DP/+ animals with (n = 8) or without (n = 14) heat shock. The white columns indicate the number of S phase neuroblasts/brain lobe in sibling controls in the presence (n = 9) or absence (n = 9) of heat shock. Error bars represent SEM for all panels.
shocked controls, the labeled nuclei were few in number and scattered within the brain and on nerve bundles leading out from the ventral ganglion. This pattern of BrdU incorporation is not similar to that observed in ana mutants. Thus induction of neither cyclin E nor DP/E2F expression was capable of bypassing Ana mediated repression.
Discussion
The trol gene product is required specifically for initiation of OLNB and CBNB proliferation (Datta, 1995) . Activation of OLNB and CBNB cell division by mutation of the proliferation repressor ana bypasses the requirement for trol, consistent with the hypothesis that trol is not required for maintenance of the proliferative state (Datta, 1995) . To determine the cell cycle phase at which the trol sd mutation causes neuroblast arrest, and to ask at what point in the molecular events of cell cycle progression trol stimulates proliferation, we have examined the ability of cell cycle components to promote the entry of trol sd neuroblasts into S phase. 
Regulation of the G1-S transition by trol
In trol sd mutants, arrested neuroblasts have already enlarged to the size characteristic of dividing neuroblasts (Datta, 1995) suggesting that the trol sd neuroblasts might be arrested in G1. Induction of the G1 regulator Cyclin E but not the G2 regulator Cyclin B rescues the neuroblast proliferation defect in trol sd mutant animals. Only cells already 'programmed' to begin cell division during the labeling period are driven into S phase by the expression of cyclin E, as demonstrated by the lack of supernumerary dividing neuroblasts in control siblings. trol sd neuroblasts have previously received signals to begin cell division, which is inhibited by the production of the proliferation repressor Ana (Datta, 1995) . Thus it is extremely likely that the neuroblasts in the trol sd ;hs-cyclin E/+ brain lobes that enter S phase in response to induction of cyclin E are the neuroblasts that would have begun cell division in a wildtype animal. cyclin E expression always results in wildtype numbers of BrdU incorporating neuroblasts regardless of the time of induction as shown by the timecourse presented in Fig. 5 . In fact, the normal numbers of neuroblasts indicate that Cyclin E cannot drive trol sd neuroblasts into S phase more than 4 h earlier than the cells would normally begin to divide. This is in contrast to the effect of mutations in ana, where quiescent neuroblasts begin to divide 6-8 h prematurely (Ebens et al., 1993) .
Studies in many systems have implied that Cyclin E stimulates progression to S phase by activating the heterodimeric transcription factor E2F (DP/E2F), which in turn activates expression of genes encoding DNA replication functions like ribonucleotide reductase. In the Drosophila embryonic nervous system, the gene encoding the small subunit of ribonucleotide reductase, RNR2 (Duronio and O'Farrell, 1994) , is under the control of E2F . Mutation of cyclin E blocks RNR2 expression , indicating that Cyclin E activates E2F. This conserved hierarchy apparently holds true in the larval brain since induction of DP/E2F rescues trol sd mutants as well as induction of cyclin E. Genetic studies of endoreplication cycles in the Drosophila embryo show that E2F is required for the transcription of cyclin E, suggesting the possibility of a feedback loop Duronio et al., 1996; Duronio et al., 1998) . Interestingly, a reduction in the level of cyclin E expression allowed some endoreplicating cells, but not all, to enter S phase (Duronio et al., 1998) . The decrease in the number of S phase cells due to diminished cyclin E expression appears similar to the decrease in the number of S phase neuroblasts in trol sd . Like the randomly distributed endocycling cells that activated cell division, perhaps by activating a feedback loop that raised levels of cyclin E message (Duronio et al., 1998) , individual neuroblasts that activate proliferation in trol sd mutants show normal intensity of BrdU staining. Thus, Cyclin E appears to act in an all-or-nothing manner to stimulate progression to S phase in both the embryonic endoreplicating cells and the larval CNS neuroblasts.
A key question is whether trol regulates the expression of cyclin E or the activity of the Cyclin E-Cdc2c complex. Precedent for the latter exists since cyclin-dependent kinase inhibitors have been identified in Drosophila (de Nooij et al., 1996; Lane et al., 1996) . Precedent for the former model comes from the dynamic pattern of cyclin E expression during Drosophila development (Richardson et al., 1993; Richardson et al., 1995) . Quantitative RT-PCR experiments show that cyclin E expression is diminished by 20% in trol sd mutant animals and 40% in trol sd mutant brains, which roughly correlates with a drop of 30% in the number of S phase neuroblasts in trol sd brain lobes compared to controls (Fig. 4B-D) . In situ hybridization also suggests that fewer cells in a trol sd /Df(1)42 mutant brain lobe are expressing cyclin E compared to wildtype (Fig. 4E,F) . Thus it appears that trol regulation of proliferation activation occurs directly or indirectly through control of cyclin E expression ( Fig. 7A-C) . 
The relationship between trol and ana
Previous genetic studies suggested that Trol inactivates Ana-mediated repression of cell division or bypasses the step where Ana causes cell cycle arrest (Datta, 1995) . In the simplest case, if Trol inactivates Ana, lack of Trol should simply allow continued cell cycle arrest by the Ana repressor (Fig. 7A) . Alternatively, a bypass model would allow for two different phases of cell cycle arrest (Fig. 7B) as would models where Ana acts at multiple points to regulate cell cycle progression. Neuroblasts arrested in a trol mutant can be induced to enter S phase by expression of cyclin E or DP/E2F (see Figs. 2D-F, 3A,C and 4) . However, induction of neither cyclin E nor E2F can phenocopy an ana mutant (Fig. 6) . Although scattered cells in the ventral ganglion incorporated BrdU in response to E2F, none of the labeled cells were neuroblasts. These cells might be post-mitotic neurons or glia, since ectopic expression of E2F/DP in the eye disc drives cells that have initiated photoreceptor differentiation into S phase (Du et al., 1996b) . Thus cell cycle arrest mediated by Ana occurs at a different point in cell cycle progression than that caused by a trol mutation. We suggest that Ana initially blocks cell cycle progression in G0 or early G1, while Trol activates cell cycle progression later in G1 (Fig. 7B) . This interpretation requires the proposal of a third regulator which inactivates Anamediated inhibition, thereby allowing cell cycle progression to continue a few more steps, after which Trol provides increased levels of Cyclin E to permit further progression to S phase (Fig. 7C) . The model predicts that mutation of the new regulator would result in a trol-like defective neuroblast proliferation phenotype that would be refractory to rescue by cyclin E expression.
Regulation of larval neuroblast proliferation
The trol pathway is distinct from the control of larval neuroblast division in starved animals, which is regulated by fat body-derived mitogen in culture. Starved quiescent neuroblasts cannot be induced to enter S phase by provision of Cyclin E or E2F/DP (Britton and Edgar, 1998) . Culture systems have also been used to show that 20-hydroxyecdysone controls proliferation and differentiation of glial precursors in Drosophila (Awad and Truman, 1997) as well as optic lobe neuroblasts in the brain and neuronal precursors in the developing eye disc of Manduca (Champlin and Truman, 1998a; Champlin and Truman, 1998b) . The relationship of 20-hydroxyecdysone to the trol pathway remains to be investigated.
The coordination of developmental pathways and cell division is a delicate process with failure carrying catastrophic penalties. trol provides one of the developmental cues that regulate cell cycle progression, allowing multicellular development to occur. The recent identification of the transcriptional regulator even-skipped as an enhancer of trol (Park, Fujioka, Jaynes and Datta, in press ) as well as molecular characterization of the trol gene product will allow further insight into the mechanism by which developmental processes regulate cell cycle progression.
Experimental procedures
Genetics
Markers and balancer chromosomes are described in Lindsley and Zimm (1992) . Df(1)42,sn was obtained from and characterized by M. Greenberg. The severe hypomorphic trol sd allele has been previously described (Datta Fig. 6 . Expression of cyclin E or E2F/DP cannot phenocopy ana mutants and Kankel, 1992; Datta, 1995 ;hscyclin B/+ samples were obtained as y larvae from ytrol sd w/ Binsn females crossed to homozygous hs-cyclin E, hsDPhs-E2F, or hs-cyclin B males. Heat shock induction was accomplished by placing larvae on 5′-bromodeoxyuridine (BrdU) containing medium in an Eppendorf tube and then placing the tube in a 37°C water bath for 30 min from 16 to 16.5 h ph. The tubes containing the larvae on the BrdU medium were then placed in a 25°C incubator for the remainder of the 4-h labeling period.
BrdU labeling and cell counting
BrdU incorporation was done as previously described (Truman and Bate, 1988; Datta and Kankel, 1992) . Incorporation was monitored with a primary anti-BrdU mouse antibody (Becton-Dickinson) 1:100 dilution and a goatanti-mouse secondary coupled to horse radish peroxidase (Gibco) 1:200 dilution. Signal was developed with diaminobenzidine (Truman and Bate, 1988) and samples mounted in 90% glycerol for viewing on a Zeiss axiophot compound microscope. Labeled neuroblasts were counted visually by examining a continuum of different planes of focus throughout each sample. Proliferating neuroblasts were identified by size and shape of their nucleus when stained for BrdU incorporation.
Developmental staging
Larvae were synchronized by collection of newly hatched first instar larvae in 1-h windows.
RT-PCR
Larvae were developmentally staged as described above. Approximately 100 larvae were harvested at 20 h ph and washed twice in PBS + 0.3% Triton X-100 (PBST). The PBST was removed leaving approximately 20 ml in the bottom of the tube with the larvae. A total of 200 ml of Trizol reagent (Gibco BRL) was added and the samples homogenized until no whole larvae were visible. Extraction of RNA from the Trizol was carried out exactly according to the manufacturers protocol (Gibco BRL) with the exception that 30 mg of tRNA was added as a carrier to the precipitation step. The RNA precipitate from the Trizol extraction was resuspended in 20 ml of DEPC treated dH 2 O, treated with DNase I for 1 h at 37°C and stored at −20°C.
The RNA solution was split into three aliquots. One aliquot was incubated with 1 mg/ml RNase A for 30 min at 37°C. The RNased aliquot plus a second aliquot was used in the reverse transcription reaction. The third aliquot did not receive reverse transcriptase and serves as a control for DNA contamination. Reverse transcription was carried out Fig. 7 . Possible models for the control of neuroblast division by ana and trol. Previous genetic evidence suggested two possible relationships between anamediated inhibition of neuroblast division and trol-mediated activation. Our current model suggests that trol activates cell cycle progression in quiescent larval neuroblasts by directly or indirectly stimulating the expression or stability of cyclin E message, thus providing cyclin E de novo. (A) trol activating neuroblast division by inactivating Ana repression which then results in increased expression of cyclin E. (B) trol initiating neuroblast proliferation by stimulating cyclin E expression downstream of the block caused by the Ana repressor. (C) Additional regulator 'X' is required to overcome Ana-mediated repression, allowing progression to the point at which trol is required to provide increased levels of cyclin E expression.
using SuperScriptII (Gibco-BRL) exactly according to the manufacturers protocol.
Amplification of the cDNA by PCR from all three aliquots was carried out using Boehringer Mannheim taq DNA polymerase and nucleotides. The linear range of PCR amplification was determined by intensity of ethidium bromide staining. Samples were analyzed in quadruplicate by Southern analysis and quantitated on a phosphoimager. Expression of actin5C was used as an internal control and the expression of cyclin E calculated as the ratio of (intensity of cyclin E hybridization]/[intensity of actin5C hybridization) per replicate as obtained from the phosphoimager. Sequence of primers and specific RT-PCR conditions are available on request.
In situ hybridization
In situ hybridization was carried out as previously described (Lehman and Tautz, 1994) .
Statistical analysis
Standard error of the mean for each group of samples was calculated and used to determine the confidence limits on the difference between mean cell counts in experimental and control samples using Student's t-test.
